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Sm^IARY 

The  various  methods  which  can  be  used  to  study  the  kinetic  heating  of 
externally  carried  aircraft  armament  stores  are  examined  and  their  merits 
and  limitations  discussed. 

It  is  concluded  that  whatever  method  is  ultimately  used  to  study  this 
problem,  it  is  desirable  to  carry  out  flight  trials  at  an  early  date  to 
obtain  results  ^^frlich  could  be  used  to  check  data  obtained  by  any  other  means. 
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1  INTRODUCTION 

The  purpose  of  this  Note  is  to  study  the  information  available  on  the 
kinetic  heating  of  eocternally-carried  armament  stores  and  to  assess  the 
problem  of  estlnating  or  measuring  the  tempoiatui'es  which  will  be  reached 
during  carriage  on  the  newer  aircraft. 

The  eKamination  of  this  problem  is  much  more  difficult  than  is  the 
case  of  internally-carried  stores.  For  this  latter  case,  the  stores  are, 
in  effect,  contained  in  a  heated  oven  whose  walls  are  those  of  the  aircraft 
bomb  bay  which  are  themselves  subjected  to  kinetic  heating  by  reason  of  the 
airflow  over  the  aircraft  skin.  There  is  no  forced  airflow  around  the  stores 
and  they  acquiie  heat  from  the  bomb  bay  walls  by  the  processes  of  radiation 
and  free  convection.  This  internal  carriage  problem  has  been  investigated 
by  a  simulation  of  these  effects  (fully  described  in  Ref.l);  a  system  which 
has  given  satisfactory  results. 

The  eKternally-ccirried  store  does  not  lend  itself  readily  to  such  a 
simple  investigation.  The  rate  at  which  it  absorbs  heat  will  be  very  much 
greater  since  it  is  subjected  to  the  full  kinetic  heating  from  the  airflow 
around  it.  This  rate  of  heat  absorption  must  be  Ccilculated  from: 

(a)  The  heat  transfer  coefficient,  which  is  a  measure  of  the  rate  at 
which  heat  generated  in  the  layers  of  air  surrounding  the  store  is 
transferred  through  the  boundary  layer*-”-  to  the  store. 

(b)  The  thermaO.  conductivity  and  thermal  capacity  of  the  store. 

This  calculation  is  necessary  before  any  heating  tests  can  be  undertaken 
and  immediately  suggests  that  the  wlrole  problem  could  be  examined  mathematic¬ 
ally.  This  and  other  methods  for  examining  the  problam  form  the  basis  of  this 
Note.  It  is  vrritten  from  the  point  of  view  of  conventional  armament  stores, 
but  applies  equally  well  to  other  stores  whose  tamperature  limitations  might 
be  even  more  stringent. 

2  PERMISSIBLE  TEMPERATURES 

A  temperature  of  60  to  70  deg.C  is  the  naxiraum  wloich  can  be  tolerated 
for  the  filling  of  most  conventional  armanent  stores  and  this  does  not  permit 
much  toiaperature  rise  above  the  tropical  maxinruia  of  50  deg.C.  This  critical 
temperature  band  arises  for  the  following  reasons: 

(a)  At  70  deg.C  melting  and  segregation  of  H.E.  fiUiixgs  begins  to 
■take  place.  This  is  not  dangerous  when  it  occurs  during  a  flight  but 
if  returned  to  base  and  subsequently  handled,  bombs  which  had  suffered 
a  large  degree  of  segregation  would  be  potentially  dangerous  and  might 
have  to  be  destroyed. 

(b)  At  60  deg.C  the  sensitivities  of  Nos. 906  aiid  916  V.T.  fuzes  begin 
to  decrease  and  at  70  deg.C  will  be  reduced  by  roughly  one  half  for  the 
906  fuze.  A  fuze  overheated  to  this  degree  will  subsequently  function 
correctlj''  if  brought  back  to  base  and  allcuved  to  cool  to  normal  air 
temperature,  since  the  heating  affects  the  electrical  components  rather 
than  the  explosive  ones,  A  fuze  which  is  very  much  overheated  will  not 
return  to  a  normal  state. 


The  boundary  layer  is  the  thin  layer  of  air  vAiich  closely  surrounds  a 
moving  body.  For  a  fuller  description  sec  Ref, 2,  para. 3. 
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(c)  A  cordite  rocket  motor  Wliich  is  held  at  a  temperature  in  excess 
of  60  dog.C  is  potentially  dangerous  and  the  chances  of  it  bursting  in 
the  launcher  on  firing  are  greater  than  for  an  unheated  rocket. 

It  follows,  then  that  the  external  carriage  of  conventional  armament 
stores  is  safe  only  if  it  does  not  lead  to  temperatures  at  critical  points  in 
excess  of  those  given  above.  The  speed  restrictions  necessary  to  avoid  these 
temperatures  under  various  atmospheric  conditions  are  shown  in  Table  1. 

The  values  quoted  in  the  table  are  pessimistic  since  they  are  the  speeds 
which  give  rise  to  recovery  temperatures of  60  or  70  deg.C  and  the  filling 
temperatures  will  be  somewhat  lower.  In  practice  the  recovery  temperature 
will  be  approached  but  not  reached  in  flight.  Until  this  external  carriage 
problem  has  been  investigated,  it  is  not  possible  to  say  how  closely  and  in 
what  time  the  recovery  temperature  is  reached,  but  such  results  as  are 
available  suggest  that  at  M  =  0*75  a  surface  temperature  of  80  deg.C  may  be 
approached  to  I'd. thin  2  deg.C  in  3  minutes  when  starting  from  an  initial 
temperature  of  50  deg.C. 

The  provision  of  a  table  similar  to  Table  1,  but  with  limitations 
arrived  at  from  store  temperatures  rather  than  recovery  temperatures  is  the 
aim  of  the  investigation  on  external  carriage. 

Such  a  table  must  be  provided  for  each  store  unless  it  is  obvious  that 
complete  temperature  clearance  can  be  given. 

This  would  lead  to  flight  restrictions  under  various  temperature  con¬ 
ditions  or  to  the  development  of  an  aerodynamic  shield  or  a  heat  insulating 
layer  (either  internal  or  external  to  the  store)  wiiich  would  permit  higher 
speed  flight  under  all  temperature  conditions.  The  alternative  to  this,  for 
new  stores,  would  be  the  development  of  new  components  and  explosives  which 
are  less  sensitive  to  temperature  effects, 

3  ICmODS  OF  INVESTIGATMG  THE  PROBIIEM 

Four  methods  of  investigation  come  readily  to  mind  and  will  be  discussed 
in  detail  in  the  fo]JLowing  paragraphs. 

(a)  A  theoretical  examination  of  the  temperatures  which  would  occur 
with  a  particular  flight, 

(b)  laboratory  heating  trials  similar  to  those  used  to  investigate 
internal  carriage, 

(c)  wind  tunnel  trials, 

(d)  flight  trials. 

These  various  methods  are,  to  some  extent,  interdependent.  The 
laboratory  trials  would  require  some  theoretical  vrork  in  order  to  determine 
the  correct  heat  flov/s  and  heat  transfer  coefficients  to  be  used  during  such 
trials.  This  is  a  considerable  part  of  the  work  involved  in  method  (a). 

Methods  (b),  (c)  and  (d)  would  all  require  stores  instrumented  in  the 
same  way,  with  tenperature  sensitive  elements  jilaced  at  selected  points. 


The  recovery  teiiperature  is  the  maximum  ten5)erature  which  the  aircraft 
skin  could  attain  if  it  heated  up  instantly.  It  is  also  the  temperature  which 
occurs  in  the  boundary  layer  close  to  the  aircraft  skin  vjhen  there  is  no  heat 
transfer  between  skin  and  boundary  layer.  For  a  faller  explanation  see  Ref, 2. 


>  4  - 

RESTRICTED 


RESTRICTED 


Technical  Note  No.  Am,  684 


feeding  into  a  suitable  recording  systcin.  Such  instrumentation  is  itself  no 
sniall  task,  particularly  if  several  stores  arc  involved,  and  more  especially 
vdiere  an  cr.^ty,  instrumented  store  has  to  be  filled  vd.th  high- explosive,  or 
explosive  substitute,  without  damage  to  the  instruiicntation. 

4  THEORETICAL  EXAI-HNATION 

For  a  regularly  shaped  store,  such  as  a  bomb,  it  is  possible  to  obtain 
an  estimate  of  the  temperature  rises  at  selected  places  in  it  during  a 
specified  flidit  path.  This  method  has  been  used  in  the  U.S.A,  and  a  series 
of  reports  3-o  ig  available  giving  details  of  it  and  the  results  obtained 
for  the  1,000  lb  IIk,83  bomb  (dimensionally  equivalent  to  the  British  1,000  lb 
N,1  bonib)  cuid  several  other  stores.  Adaptation  to  cover  other  regularly- 
shaped  stores  and  other  flight  paths  would  be  laborious  rather  than  difficult 
but  it  would  be  very  difficult  to  adapt  this  method  to  study  temperatures  in 
a  complex  and  composite  body  such  as  a  fuze. 

The  method,  briefly,  is  to  derive  an  equation  (or  more  usually  several 
overlapping  equations)  vAiich  describes  the  bamb  shape  and  from  this  to 
estimate  the  air  flov;  over  it,  V/ith  this  air  flow  and  values  for  the  air 
constants  (density,  viscosity,  etc,)  it  is  possible  to  calculate  recovery 
temperatures  and  heat  transfer  coefficients  at  various  points  along  the  store. 

The  recovery  temperature  is  given  bj”": 

Tj^  =  T  (1  +  0*17  M^)  for  smooth  (laminar)  air  flow  (1) 

=  T  (1  +  0*18  i-fi)  for  turbulent  air  flow  (2) 


where 

Tj^  is  recovery  temperature  in  dog.K 

T  is  air  antbient  teiaperature  in  deg.K 

I'l  is  Mach  number. 

These  and  the  following  equations  apply,  strictly,  to  a  flat  plate 
moving  through  the  air  but  give  a  close  apprcxlmation  for  large  stores  provided 
local  conditions  are  used  in  the  equations  i.e.  T  and  II  are  local  temperature 
and  Mach  nvunber  at  the  edge  of  the  boundary  layer. 

For  smaller  diaaeter  stores  the  approximation  is  not  so  good. 

The  heat  transfer  coefficient  for  a  particular  store  and  flight  path 
is  obtained  from  the  dimensionless  parameters  associated  with  movement  through 
the  air: 


Nusselt 

nuinber  Nu  =  ~ 
k 

(3) 

Reynolds 

number  Re  =  SLlY 

(4) 

Prandtl 

number  Pr  = 

(5) 

k 

where 

h  is  the  local  coefficient  of  heat  transfer 

L  is  the  distance  from  the  nose  measured  along  the  surface  of  the  store 
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k  is  the  thermal  conductivity  for  air 

p  is  the  local  air  density  just  outside  the  boundary  layer 

V  is  the  local  velocity  just  outside  the  boundary  layer 

|i  is  the  air  viscosity 

Cp  is  the  specific  heat  at  constant  pressure  for  air,  (All  quantities 
in  consistent  units,) 

Now  for  a  body  moving  through  the  air  we  have:- 

Nu  =  0»034  Re*^*^  pjpO*33  (for  turbulent  flow  over  the 

pointed  nose)  (6a) 

Nu  =  0*029  Re*^*^  (for  turbulent  flow  over  the 

parallel  body  and  tail)  (6b) 

Nu  =  0*51  Re*^*^  (for  laminar  flow  over  the 

pointed  nose)  (6c) 

Nu  =  0*29  Re*^*^  (for  laminar  flow  over  the 

parallel  body  and  tail)  (6d) 

Gombinir^  the  appropriate  equation  for  Nu  with  equation  (3)  we  have:- 

h  =  Nu  .  k/L  (7) 

from  which  the  heat  transfer  coefficient  h  can  be  obtained  for  a  particular 
point  distant  L  from  the  nose  of  the  store;,  The  other  quantities  on  the 
right-hand  side  of  equations  (3)»  (4)  and  (5)  are  constants  (or  at  least 
constants  over  the  range  of  air  speeds  considered  here).  The  heat  transfer 
coefficients  should  take  into  account  the  heat  received  from  the  sun  and 
from  the  ground,  arjd  radiated  from  the  store,  but  this  is  only  a  small 
correction  (about  1%)  and  can  probably  be  neglected  without  causing 
appreciable  error  in  the  final  results. 

Working  on  the  assumption  that  the  rate  of  temperature  rise  in  any 
chosen  sector  of  the  store  is  equal  to  the  heat  flow  into  that  sector  divided 
by  its  heat  capacity,  equations  can  be  obtained  for  selected  points  on  or  in 
the  store,  such  as  the  outer  surface,  the  surface  of  the  filling,  etc.  These 
equations,  when  put  into  finite  difference  form,  can  be  solved  for  small 
increments  of  time  to  give  plots  of  temperature  against  time  for  the  selected 
points. 


This  is  a  very  laborious  process,  pai-ticularly  if  a  very  close  coverage 
is  required  over  the  whole  surface  and  at  a  number  of  points  within  the 
filling,  but  an  estimate  at  a  few  selected  points  can  be  obtained  much  more 
readily. 

It  is  felt  that  this  method  could  give  results  as  accurate  as  any 
obtained  from  wind  tunnel  tests  of  isolated  stores  and  better  than  those 
from  ground  heating  tests  provided  that  the  themial  characteristics  of  the 
filling  are  known  accurately  and  that  the  following  assumptions  which  have 
to  be  made  are  valid. 
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(i)  that  the  air  flow  in  flight  approximates  to  the  fi-ee  air  flow 

used  in  the  calculations, 

(ii)  that  the  equations  used  for  calculating  the  bomb  shape  are 

accurate. 

(a)  The  air  flow  over  the  store,  which  in  these  calculations  can  on3^v 
be  the  air  flow  over  a  free  store.  No  account  can  be  taken  of  the  disturbing 
effect  of  the  pylon  which  carries  the  store  in  flight  or  of  the  effect  of 
the  proximity  of  the  aircraft  structure.  The  true  air  flow  can  only  be 
obtained  from  flight  trials,  and  since  such  fliglit  trials  could  be  used  to 
make  direct  tcxnperature  measurements  there  would  be  little  point  in  carrying 
them  out  for  air  flow  measurements  only. 

(b)  Equations  of  bomb  shape.  In  general  one  equation  alone  will  not 
describe  the  bomb  shape.  Several  are  required  for,  say,  nose,  middle  section 
and  tail  and  there  may  be  discontinuities  at  the  transition  points  from  one 
equation  to  another. 

Subject  to  these  limitations,  the  method  gives  results  which  agree 
closely  with  the  temperatures  which  one  would  expect  to  be  associated  with 
a  particular  flight  path  and  recovery  tanperature,  namely  a  rapid  rise 
followed  by  an  exponential  approach  to  a  steady  recovery  tcmiperature. 

Curve  C  of  Fig.l  is  a  plot  of  the  results  obtained  for  one  position  on 
a  1,000  lb  Mk.83  bomb  and  curve  D  is  the  corresponding  recovery  temperature 
for  the  particular  flight  path.  They  are  drawn  from  the  values  given  in  the 
U.S.  reports  mentioned  earlier  in  this  paragraph.  The  differences  between 
curves  C  and  D  agree  well  with  the  differences  shewn  between  measured 
temperatures  and  recovery  temperatures  on  Figs.l  and  2  of  Appendix  1. 

Unfortunately  the  results  given  in  the  U.S,  reports  are  for  flight 
paths  and  temperatures  different  from  those  required  here.  The  calculations 
would  have  to  bo  repeated  for  our  conditions  and  vjould  take  6  to  9  months  to 
complete  with  the  small  effort  at  present  available  for  this  work. 

5  LABORATORY  HEATING  TRIALS 

5.1  General 

The  apparatus  envisaged  for  these  is  in  the  form  of  a  shell,  probably 
of  light  alloy,  larger  than  and  completely  enclosing  the  store  and  with  a 
large  number  of  infra-red  heaters  attached  to  it  so  that  they  follow  the 
contours  of  the  store  and  are  about  4  inches  from  its  surface.  Power  would 
be  fed  to  these  heaters  and  recordings  would  be  made  at  intervals  of  the 
temperatures  at  selected  points  on  the  skin  of  the  store  and  within  it. 

Such  an  apparatus  is  relatively  easy  to  construct  and  operate  but,  for 
reasons  given  in  para.  1  its  results  (unlike  those  for  internal  carriage) 
mixst  be  viewed  with  suspicion  until  flight  trials  have  been  carried  out. 

These  would  show  whether  the  results  were  correct  or  whether  or  not  it  was 
possible  to  apply  a  correction  factor  to  them, 

5.2  Uses  of  the  apparatus 

This  type  of  apparatus  could  be  used  in  two  ways.  In  the  first  (and 
simpler)  method  heat  would  bo  applied  to  maintain  as  closely  as  possible  a 
constant  desired  temperature  (recovery  tei-nperature)  adjacent  to  the  skin  of 
the  store,  thus  simulating  boundary  layer  temperature  conditions.  In  the 
second,  these  would  be  ignored  and  the  heat  supplied  at  such  a  rate  that  the 
correct  heat  flux  vms  obtained  over  the  surface  of  the  store. 
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To  be  effective  in  assessing  component  temperatures  in  flight  both 
methods  require  a  knowledge  of  the  heat  transfer  coefficient,  the  first  to 
enable  a  correction  to  be  applied  to  the  heating  rates  which  it  gives  and 
the  second  to  enable  the  rate  of  heat  supply  to  bo  determined. 

5.3  First  method 

Considering  the  first  method,  v;here  an  apprcocimately  correct  recovery 
temperature  is  maintained  close  to  the  store,  this  recovery  temperature  will, 
in  theory,  vary  along  the  store,  being  greatest  at  the  nose.  However,  in 
practice  such  variations  are  very  small  except  over  the  first  few  inches  of 
a  pointed-nose  store  and  so  the  recovery  temperature  may  be  taken  as  sensibly 
constant  over  the  store  and  given  by  equations  (1)  and  (2)  above. 

Heating  such  as  this,  with  a  constant  recovery  temperature  would  cause 
a  rapid  temperature  rise  on  the  skin  of  the  store  and  a  slower  one  at  points 
inside,  but  this  tcanperature  rise  might  not  be  the  same  as  would  be  obtained 
in  flight,  since  it  would  be  caused  solely  by  radiant  heating  and  not  by 
kinetic  heating.  The  net  results  of  this  could  be  different  heat  transfer 
coefficients  between  the  air  and  store  in  the  two  cases. 

During  the  heating  tests  the  heat  transfer  function  would  have  to  be 
measured -and  compared  with  that  calculated  for  the  particular  store  and 
flight  path  used;  one  would  then  hope  to  work  out  some  correction  factor  for 
the  apparatus. 

Equation  (7)  shows  that  the  heat  transfer  coefficient  is  inversely 
proportional  to  distance  from  the  nose  of  the  store  and  so  a  series  of 
correction  factors  would  be  necessary  to  cover  the  whole  store. 

To  test  the  validity  of  this  method,  an  apparatus  was  constructed  and 
heating  tests  with  a  constant  recovery  temperature  were  carried  out  on  a 
3  inch  rocket.  This  store  was  chosen  since  there  are  available  a  few 
A  &  A.E.E,  results  of  temperature  measurements  niade  during  tropical  flj.ght 
tests. 


Details  of  some  results  obtained  during  the  heating  tests  and  their 
comparison  with  the  results  obtained  during  flight  aire  given  in  Appendix  1. 

It  can  be  seen  that  the  temperatures  recorded  on  the  ground  are  considerably 
less  than  those  obtained  during  flight,  and  approach  recovery  temperature 
much  more  slowly,  but  it  must  be  borne  in  mind  that  the  small  size  of  the 
apparatus  made  the  measurement  of  heat  transfer  rates  impossible  and  con¬ 
sequently  no  correction  factor  has  been  applied  to  the  results. 

It  appears  that  ground  heating  tests  of  this  nature,  in  which  tho  rate 
of  heat  supply  is  considered  to  give  the  recovery  temiperature  near  the  surface 
of  the  store  with  no  correction  for  the  true  heat  flux,  vri.ll  give  values  of 
teirperatures  less  than  those  reached  in  flight  and  this  vri.ll  impair  the 
usefulness  of  the  results  since  they  vri.ll  always  be  subject  to  the  uncertainty 
as  to  how  mch  hotter  the  store  vri.!!.  become  in  flight. 

5.4  Second  method 

The  second  method,  where  the  boundary  layer  temperature  is  not  simulated 
and  heat  is  supplied  at  such  a  rate  that  the  calculated  heat  flux  is  obtained 
at  the  surface  of  the  store,  should  give  correct  simulation  of  aerodynamic 
heating.  It  suffers,  however,  from  several  difficulties: 

(a)  In  order  to  obtain  the  correct  heat  flux  at  the  surface  of  the 
store,  the  values  of  this  heat  flux  must  be  known  throughout  the  period  of 
simulated  flight.  They  can  be  obtained  from  fli^t  or  vri.nd  tunnel  tests 
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(in  which  case  such  tests  could  supply  the  full  data  on  kinetic  heating)  or 
by  calculation  of  the  air  flow  over  the  store  and  hence  the  heat  transfer 
between  air  flov/  and  store. 

As  shown  in  equation  (7)  the  heat  transfer  coefficient  is  inversely 
proportional  to  the  distance  from  the  nose  of  the  store  and  so  must  be 
evaluated  for  a  number  of  points  over  the  length  of  the  store.  An  effective 
heat  transfer  coefficient  should  really  be  used,  which  takes  into  account 
small  allowances  (about  1  per  cent)  for  solar  radiation,  heat  reflected  from 
the  ground,  and  heat  radiated  from  the  bomb,  but  this  correction  is  sumll 
enough  to  be  neglected. 


For  the  t3c,83  bomb  flown  at  M  =  0*95  under  standard  atmosphere  condi¬ 
tions  calculation3>4  shows  that  the  heat  transfer  coefficient  will  vary  frcm 
about  135  BTU/hr  ft^  deg.F  (0,018  cal/sec  cm^  deg.C)  at  10  inches  from  the  nose 
to  84  BTU/hi  ft^  deg.F  (0*0114  cal/sec  cm2  deg.C)  at  the  middle  and 
70  BTU/hr  ft2  deg.F  (0*0095  cal/sec  cm2  deg.C)  at  the  tail. 


This  variation  is  due  partly  to  the  fact  that  the  air  flow  is  laminar 
over  the  nose  of  the  bomb  and  turbulent  over  the  parallel  portion  and  tail 
and  partly  to  the  variation  with  distance  from  nose  of  the  Reynolds  and 
Nusselt  nuTiibers  used  in  the  calculations  of  heat  transfer  coefficients. 

Under  tropical  conditions  the  heat  transfer  coefficients  will  be 
0*019  cal/sec  cra2  deg.C  at  the  nose  and  0*0101  cal/sec  cm^  deg.C  at  the  tail. 


The  corresponding  heat  fluxes  can  be  calculated  fran  the  equation: 


q  =  h  (Tp^  -  T^) 


(S) 


where 

q  is  the  heat  flux 

h  is  the  heat  transfer  coefficient 

Tp  is  the  recovery  temperature 

T^  is  the  store  skin  temperature 

(All  quantities  measured  in  consistent  units.) 

For  flight  at  M  =  0*95  under  tropical  conditions  the  initial  heat  fluxes 
(assuming  the  store  initially  at  122  deg.F  (50  deg.C), will  be  approximately 
12,600  BTU/hr  ft2  at  10  inches  from  the  nose  and  6,500  BTU/hr  ft2  at  the  tail. 
These  values  will  reduce  to  aero  as  the  store  skin  tenperature  approaches 
recovery  temperature, 

(b)  Since  the  heat  fluxes  will  be  different  at  different  points  on  the 
store  and  mil  decrease  by  different  amounts  at  these  points  as  their 
tamperatures  change,  one  should  really  use  a  complex  system  of  heat  control 
to  monitor  and  correct  the  flux  at  each  desired  point. 

With  the  equipment  at  present  available  for  these  tests  only  one  con¬ 
trol  is  used  for  the  whole  of  the  power  supply,  and  stores  are  heated  to  a 
constant  temperature  all  over  the  skin.  It  is  felt  that  results  so  obtained 
will  be  reasonably  accurate. 

In  any  case,  control  would  be  possible  at  only  three  or  four  points 
along  a  large  store  and  the  remainder  would  have  to  be  subjected  to 
incorrect  heating. 
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(c)  In  order  to  obtcdn  these  heat  fluxes  physically  for  a  large  store 
a  great  ajaount  of  power  would  be  required.  Figures  obtained  from  U.S,  sources 
have  indicated  that  simulation  of  the  correct  heat  flux  over  the  surface  of 
the  front  36  inches  of  a  1,000  lb  Mk,83  bomb  required  about  100  initially. 

The  full  bomb  and  fuzes,  on  this  basis,  would  require  300  to  4OO 

Since  this  amount  of  pcvfor  is  only  available  in  certain  parts  of  R,A,E, 
at  present,  one  might  be  forced  to  heat  the  bomb  with  as  large  a  heat-flux 
as  possible  and  hope  to  convert  the  ten^xsrature  rises  so  obtained  into  those 
vdiich  would  have  been  obtained  had  the  heat  flux  been  correct.  Refs, 4  ond  5 
describe  heating  tests  carried  out  on  the  front  36  inches  of  a  1,000  lb  Vk.83 
bomb  with  the  calculated  heat  fluxes  maintained  over  it.  Curves  A  and  B  of 
Fig.l  are  taken  frcm  the  results  obtained  during  these  tests  and  show  that 
the  temperatures  measured  are  anything  from  20  to  50  deg,F  less  than  those 
obtained  by  calculation  alone  (curve  C)  and  nov^ere  approach  the  recovery 
temperature  of  curve  D,  This  suggests  either  that  the  heating  applied  was 
incorrect  or  that  a  correction  factor  is  necessary  to  take  into  account  the 
facts  that  only  part  of  the  bc«rib  was  used  and  that  it  was  filled  with  sand 
instead  of  hi^  explosive, 

5,5  To  sura  up,  it  would  appear  that  ground  heating  tests  could  be  carried 
out,  in  two  ways,  both  of  \>/hich  give  results  somev'diat  lovrer  than  temperatures 
calculated  or  measured  in  flight.  Simulation  by  the  application  of  radiant 
heat  in  this  way  may  be  more  realistic  for  stores,  such  as  the  rocket 
launchers,  which  are  poor  conductors,  than  for  the  more  massive  bombs.  The 
method,  in  general,  requires  correction  of  the  results  because  the  desired 
conditions  are  difficult  to  achieve.  The  amount  and  validity  of  such  correc¬ 
tions  could  only  be  found  by  comparison  of  the  results  with  those  obtained 
during  flight  trials. 

It  would  seem  that  the  best  method  would  be  to  obtain  some  results  from 
flight  trials,  and  using  these  it  might  be  possible  to  construct  a  ground 
heating  system  which,  with  correction  factors  fed  into  it,  would  give  a 
reasonable  simulation  of  kinetic  heating  effects  under  a  variety  of  flight 
conditions, 

6  Wn'TO  TUNm  TESTS 


A  logical  solution  to  this  problem  would  appear  to  be  available  by 
putting  the  stores  in  a  id-nd  tunnel  and  blowing  air  (at  the  right  speed  and 
temperature)  over  them.  Temperatures  at  selected  points  co’old  then  be 
measxired  directly. 

Air  speeds  of  M  =  0*95  and  temperatures  of  50  deg,C  would  appear  to 
present  no  problem,  but  unfortunately  the  stores  in  which  we  are  interested 
are  of  up  to  I6  inches  diameter  and  1,000  lb  in  weight.  Such  a  store  has  a 
cross-sectional  area  of  about  3  to  4  per  cent  of  that  of  the  working  section 
of  the  largest  tunnel  available  in  this  country  and  this  is  sufficient  to 
cause  at  least  partial  blockage  of  the  tunnel.  The  air  flow  over  the  store 
would  in  no  way  be  representative  of  that  obtained  in  flight,  except,  perhaps, 
over  the  first  fev;  inches  of  the  nose.  Again,  to  support  such  a  store  would 
require  a  large  sting  right  down  the  centre,  of  such  a  magnitude  that  it 
would  necessitate  removal  of  a  considerable  part  of  the  filling  and  would 
modify  the  heat  properties  of  the  store. 

For  these  reasons,  full  scale  wind  tunnel  tests  of  anything  but  the 
smallest  stores  are  not  practicable,  and  it  is  considered  that  more  accurate 
results  would  be  obtained  by  calculation  alone. 

An  alternative  would  be  to  measure  heat  transfer  coefficients  using  a 
scale  model  of  the  store  in  a  tunnel  in  vAiich  either  the  desired  stagnation 
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temperature  could  be  attained  almost  instantaneously,  or  where  the  store 
could  be  kept  out  of  the  air-stream  until  the  stagnation  temperature  was 
reached,  and  could  then  be  moved  rapidly  into  the  air-stream. 

These  two  requirements  are  not  easy  to  obtain  in  practice  and  ttanpera- 
ture  rises  at  desired  points  on  and  in  the  filLl-scale  store  would  have  to  be 
calculated  as  in  para, 4.  For  a  regularly  shaped  store,  calculation  of  the 
heat  transfer  coefficients  is  simple  and  wind  tunnel  experiments  ^.o  find  this 
alone  aire  hardly  necessary, 

7  FLIGHT  TRIALS 

7.1  General 

This  appears  to  be  the  best  method  of  investigation  and  one  which  must 
be  carried  out  eventually,  no  matter  what  other  means  is  adopted  to  obtain 
an  interim  solution.  It  must  also  be  carried  out  (at  least  as  a  check)  on 
all  aircraft  types  with  which  a  particular  store  is  associated,  due  to  the 
different  air  flows,  Tv;o  types  of  flight  trials  are  theoretically  possible 
involving  different  techniques,  but  both  require  stores  fitted  with  tempera¬ 
ture  measuring  elements  feeding  into  a  recording  system  on  the  aircraft, 

Tne  first,  and  obvious,  method  is  to  carry  these  stores  on  aircraft 
designed  for  their  carriage,  and  to  fly  as  fast  as  possible  in  an  air 
tanperature  as  high  as  can  be  obtained.  The  immediate  requirement  is  a 
speed  of  M  =  0»95  c.t  ground  level  with  a  temperature  of  50  deg.C,  Subsequent 
requirements  xvill  undoubtedly  increase  the  speed  at  this  temperature. 

Any  speed  in  excess  of  M  =  0«6  at  50  deg.C  v;ould  give  useful  results 
and  if  a  series  of  speeds  could  be  obtained,  it  should  be  possible  to  obtain 
an  apprcximate  extrapolation  to  M  =  0»95.  An  aircraft  is  required  vdiich  will 
exceed  M  =  0«6  in  a  tropical  atmosphere  and  fly  at  low  level  for  at  least 
half-an-hour.  An  advantage  of  this  method  is  that  live-filled  bombs  (with 
inert  fuzes)  might  be  used,  thus  reducing  the  uncertainty  arising  from  the 
different  heat  properties  of  the  inert  and  live  fillings. 

The  second  method  has  been  used  for  small  stores  and  makes  use  of  the 
fact  that  the  air  flow  over  a  large-chord  wing  can  be  modified  by  the  shape 
of  the  structure  and  may  well  be  supersonic  when  the  aircraft  as  a  whole  is 
flying  at  subsonic  speeds.  If  a  store  is  mounted  at  a  suitable  place  just 
above  the  upper  surface  of  the  aircraft  wing  high  rates  of  air  flow  can  be 
investigated  with  a  slower- speed  aircraft.  Such  an  aircraft  is  the  Avro 
Vulcan  but  this  cannot  operate  for  any  long  period  at  ground  level  without 
serious  weakening  of  the  aircraft  structure. 

Without  a  considerable  amount  of  preliminary  investigation  it  is  not 
possible  to  say  whether  a  suitable  air  flow  could  be  obtained  or  whether  a 
store  as  large  as  a  1,000  lb  bomb  cculd  be  mounted  in  such  a  way  as  to  make 
use  of  this  effect,  so  although  given  here  for  completeness,  it  is  not 
suggested  as  a  serious  method  of  approach,  other,  perhaps,  than  for  a  smaller 
store. 


7,2  Flight  programme 

The  following  prograiisne  of  flights  is  envisaged,  using  the  first  method 
of  direct  flight  trials: 

(a)  Stores 

(i)  1,000  lb  M.C.  bomb  Mk.lO,  inert  filled,  inert  fuzed. 


-  11  - 


RESTRICTED 


RESTRICTED 


Technical  Note  No,  Am, 664 


(li)  1,000  lb  M,C,  bomb  I>Dc,10,  live  filled,  inert  fuzed  (if  safe 
results  were  obtained  at  (i)), 

(iii)  1,000  lb  N,1  bo!T±),  inert  filled,  inert  fuzed, 

(iv)  1,000  lb  N,1  bomb,  live  filled,  inert  fuzed  (if  safe  results 
were  obtained  at  (iii)), 

(v)  28  lb  Practice  bomb,  inert  filled,  inert  fuzed, 

(vi)  28  lb  Practice  bomb,  live  filled,  inert  fuzed  (if  safe  results 
were  obtained  at  (v) ) , 

(vii)  37-'tu.be  2  inch  Rocket  Launcher,  nose  cap  fitted,  and  filled 
with  inert  rockets, 

(b)  Air  speeds 

These  should  be  chosen  so  as  to  cover  as  far  as  possible  the  temperature 
range  (recovery  temperature)  60  deg,C  to  130  dog,C  under  the  hipest  attain¬ 
able  temperature  atmosphere  conditions  for  all  stores,  ■l^^ith  at  least  two 
flights  per  store  at  each  chosen  temperature.  Under  maximum  temperature 
condition  the  range  60  to  130  deg,C  corresponds  to  a  speed  range  of  M  =  0*4 
to  M  =  1.2, 

With  aircraft  at  present  available  the  higher  ten^eratures  will  not  be 
possible,  but  with  an  aircraft  such  as  a  Hunter,  temperatures  approaching 
90  deg,C  (corresponding  to  M  =  0*8  under  maximum  tanperature  atmosphere 
conditions)  should  be  possible.  It  is  thought  that  at  these  temperatures  the 
amount  of  heating  obtained  (at  least  with  some  stores)  in  30  minutes  flight 
will  be  so  serious  that  higher  temperatures  need  not  bo  investigated .until 
some  modification  to  the  heat  properties  of  the  stores  have  been  carried  out, 

8  TEMPERATURE  milTORING  DEVICE 

The  effects  of  kinetic  heating  on  the  stores  can  be  so  serious  that  it 
would  be  desirable  to  have  a  device  fitted  either  to  the  aircraft  or  to  the 
store  to  indicate  its  temperature,  or  tmperature  history. 

Three  occasions  when  this  woiild  be  desirable  are: 

(a)  to  avoid  danger  from  burst  rocket  motors, 

(b)  to  know  when  V,T,  fuzes  are  likely  to  be  ineffective, 

(c)  to  be  able  to  sot  aside  for  destruction  bombs  in  which  the  filling 
may  have  segregated,  or  rockets  which  have  been  overheated. 

The  first  tvro  would  require  a  temperature  sensing  element  close  to  the 
store,  (or  at  some  point  on  the  aircraft  which  undergoes  temperature  changes 
similar  to  those  of  the  store)  connected  to  give  temperature  indication  (or 
indication  that  a  dangerous  temperature  has  been  exceeded)  in  the  cockpit. 

The  indication  could  bo  a  lamp  which,  when  alight,  v/ould  indicate  to  the 
pilot  that  it  vias  dangerous  to  fire  his  rockets  or  useless  to  drop  his  bombs. 

The  third  could  be  mot  by  the  use  of  substances  giving  permanent  colour 
changes  with  tomporaturo  and  time  or  by  a  stick  of  seme  substance  with  melting 
point  in  the  range  60  to  70  deg,C,  It  could  be  situated  in  some  position 
readily  accessible  to  ground  staff. 
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More  bophisticated  methods  could  be  devised  to  record  the  temperature- 
time  history  of  each  store  in  flight,  but  their  coii^jlexity  is  probably 
greater  than  is  required. 

It  is  considered  that  a  device  or  devices  of  uhis  sort  are  essential 
when  GKplosive  stores  are  carried  on  high  speed  aircraft,  as  there  can  be 
no  guarantee  that  circumstances  will  not  arise  in  which  arbitrary  speed 
limitations  ivill  be  exceeded  for  times  long  enough  to  bo  dangerous. 

9  RBC0I#1EMDATI0NS 

The  details  given  in  this  paper  lead  to  the  following  recomnendations. 

(a)  Tropical  flight  trials  should  be  arranged  with  a  programme 
sufficient  to  cover  all  the  factors  mentioned  in  para. 7. 2. 

These  instrumented  stores  would  also  be  useful  for  ground  heating 
tests  if  desired. 

(b)  In  parallel  with  this  preparation  a  theoretical  investigation  of 
the  problem  should  be  undertaken  to  cover  the  required  flight  conditions. 

(c)  Thought  should  be  given  to  the  development  of  an  airborne  device 
to  give  an  indication  of  the  temperature-time  history  of  stores  during 
flight. 

(d)  Since  it  is  apparent  that  some  stores,  at  least,  will  overheat  in 
flight,  thought  should  be  given  to  ways  of  making  stores  less  susceptible  to 
heat  effects.  For  fuzes,  this  would  probably  mean  a  redesign  using 
electrical  components  and  explosives  which  are  less  temperature  sensitive 
than  the  present  ones.  Similarly  for  new  bombs  and  rockets,  explosives  less 
temperature  sensitive  than  cordite  or  Torpex  are  required.  For  existing 
stores  the  oiJy  solution  appears  to  be  some  form  of  heat-insulating  jacket 
attached  round  them  when  they  are  fitted  to  an  aircraft.  Such  a  jacket 
vrould  delay,  but  not  completely  prevent  the  passage  of  heat  to  the  bomb 
filling. 
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APPENDIX  1 

COMPAI^ISON  BETWEEN  THE  RESULTS  OF  GROUND  HEATING  TESTS 
AND  KINETIC  HEATING  DURING  FLIGHT  FOR  3  INCH  AIRCRAFT  ROCKETS 


As  mentioned  in  para, 5.3  of  this  Note  some  ground  heating  tests  were 
carried  out  on  a  3  inch  rocket  and  temperatures  on  the  rocket  mover  were 
measured  over  periods  of  60  minutes  at  various  '•recovery  temperatures” 
between  64  and  90  deg.G. 

At  the  same  time  a  few  flight  results  became  available  from  A  &  A.E.E. 
tropical  trials  and  this  Appendix  compares  the  results  obtained  in  the  two 
cases.  Unfortunately  there  are  only  two  comparable  sets  of  results  and  of 
these  the  A  Sc  A.E.E.  results  given  in  Fig. 2  (Run  2)  are  in  feet  extrapolated 
by  A  &  A.E.E,  from  the  results  of  Run  1, 

Hov/ever,  it  is  thought  that  this  is  the  first  time  that  flight  results 
have  become  available  to  compare  with  those  obtained  from  ground  heating 
tests. 


Table  1  shows  the  results  for  comparison,  and  they  are  plotted  in 
Figs  el  and  2  for  the  two  cases. 

Figs.l  and  2  show  that  the  temperatures  obtained  from  the  ground  heating 
tests  are  lower  than  those  obtained  in  the  air  and  the  recovery  temperature 
is  not  approached  as  quickly. 

As  mentioned  in  para. 5.3  no  attanpt  was  made  to  correct  the  ground 
heating  results  for  any  possible  eiror  in  the  quantity  of  heat  supplied. 
Reference  to  Fig.l  of  this  Note,  however,  shows  that  even  with  the  calculated 
heating  rates,  the  recovery  temperature  is  not  approached  very  closely. 

These  tests  suggest  that  ground  heating  tests  tend  to  give  results 
somev>^at  lower  than  those  obtained  during  flight.  It  would  appear  better  to 
carry  out  flight  trials  first,  and  then  endeavour  to  simulate  them  on  the 
grouixi  if  necessary,  by  introducing  a  correction  factor  for  the  apparatus. 
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Ground  and  flight  kinetic  heating  results 
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FIG.I  KINETIC  HEATING  OF  3  INCH  ROCKETS 
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FIG.2  KINETIC  HEATING  OF  3  INCH  ROCKETS 


RUN  No  2. 
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FIG.  I 


CURVE  A  -  TEMPERATURES  REACHED  ON  OUTSIDE  SKIN 
OF  BOMB  DURINQ  HEATINQ  TESTS. 

CURVE  B  -  temperatures  REACHED  AT  SURFACE  OF  BOMB 
FILLINq  DURING  HEATING  TESTS. 

CURVE  C  -  CALCULATED  TEMPERATURES  ON  OUTSIDE  SKIN 
OF  BOMB  AND  AT  SURFACE  OF  BOMB  FILLING. 

CURVE  D  -  CALCULATED  RECOVERY  TEMPERATURES. 
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